The functional coupling between the declining portion of the FSH surge and the growing follicles of a wave was studied by treating heifers with a minimal dose of estradiol to decrease FSH concentrations without an associated change in LH concentrations. Estradiol treatment when the largest follicle reached Ն 6.0 mm (Hour 0) resulted in depression of both FSH concentrations and diameter of the largest follicle by Hour 8. The smaller follicles were also inhibited. These results supported the hypothesis that FSH continues to be needed by the growing follicles even when the FSH concentrations are decreasing during the declining portion of the FSH surge. Estradiol treatment when the largest follicle was Ն 8.5 mm (expected time of follicular deviation) also resulted in a transient decrease in both FSH concentrations and diameter of the largest follicle, but the diameters of the smaller follicles were not affected. These results supported the hypothesis that the low concentrations of FSH at the expected time of deviation, although inadequate for the smaller follicles, were required for continued growth of the largest follicle.
INTRODUCTION
Each of 2 or 3 follicular waves emerges during the bovine estrous cycle as a group of 4.0-mm follicles from the stimulation of an FSH surge (reviewed in [1] ). The FSH surge reaches a peak when the follicles of the associated follicular wave are about 4.0 mm in diameter. The concentrations then decline. A recent study [2] found that 3.0-mm follicles did not have FSH-suppressing capability but developed it by the time the follicles reached 5.0 mm. However, the results did not indicate that 7.0-mm follicles developed additional FSH-suppressing ability beyond that of 5.0-mm follicles. In another study [3] , various numbers of 5.0-mm follicles of a new wave were ablated so that either 1 Research supported by Equiservices Publishing and by The Eutherian Foundation, Inc., Cross Plains, WI. all, two, one, or zero follicles were retained. The mean concentrations of FSH declined more rapidly as the number of follicles increased. This result indicated that all follicles Ն 5.0 mm contributed to the declining portion of the FSH surge. These studies involved ablating follicles to determine the effect of the follicles on FSH. The reciprocal relationship (effect of FSH on follicles) during the declining portion of the FSH surge has not been clarified. It is not known whether the follicles continue to grow because of the initial effect associated with follicular emergence at the early portion of the FSH surge or whether the growing follicles continuously require FSH, even when the concentrations are progressively decreasing.
A few days after a follicular wave emerges as a group of 4.0-mm follicles, follicular deviation occurs (reviewed in [1] ). The deviation mechanism is evident by continued growth of the largest follicle to become a dominant follicle and a reduction or cessation of growth by the remaining follicles (subordinate follicles). Deviation begins when the largest follicle has a mean of 8.5 mm, as indicated by several studies that used an 8-h interval between examinations [4] [5] [6] [7] . Several growing follicles of the wave have the capability of becoming the dominant follicle, and therefore the deviation mechanism is necessary for inhibiting all but the future dominant follicle. The potential of several follicles to differentiate into dominant status is indicated by the following: 1) when the dominant follicle was ablated, apparently 1 or 2 days after the expected beginning of deviation, another follicle of the wave often assumed dominance [8, 9] ; and 2) when a 5.0-mm follicle was chosen at random and other follicles were ablated at 5.0 mm, the retained follicle developed the characteristics of a dominant follicle [3] .
The hormonal basis of deviation apparently involves a reduction in systemic FSH concentrations below the concentrations required by the smaller follicles. The involvement of low FSH concentrations is based on a temporal relationship between the time of the attainment of minimal FSH concentrations and the expected time of deviation [4, 6, 10] and an apparent delay or prevention of deviation following administration of FSH [11, 12] . In a recent study involving blood sampling at hourly intervals, FSH concentrations decreased for 10 h after the expected beginning of deviation (largest follicle Ն 8.5 mm) [7] . Although the results of a previous study [2] suggested that 5.0-mm and 7.0-mm follicles have similar FSH-suppressing effects, it is not known whether the continued depression of FSH near the beginning of deviation and the associated inhibition of the smaller follicles involves development of additional FSH-depressing ability by the future dominant follicle. In addition, even though low concentrations of FSH account for regression of the smaller follicles, it is not known whether the dominant follicle retains a need for the minimal concentrations of FSH that result from the deviation mechanism. Regardless whether the dominant follicle continues to use the low concentrations of FSH, the follicle appar-ently begins to use LH for at least part of its gonadotropin stimulation, beginning at an unknown point in relation to the beginning of deviation [1, 13] . In a recent study [7] , an unexpected increase in LH, as well as FSH, occurred between 5 h and 8 h after ablation of the largest follicle at Ն 8.5 mm.
Emergence of the future dominant follicle at 3.0 or 4.0 mm occurred at a mean of 6 h [4] or 7 h [6] before emergence of the future largest subordinate follicle. The largest follicle maintains a diameter advantage of approximately 0.5 mm [6] , on average, from emergence until the beginning of deviation. Because of the diameter advantage, it has been proposed [4] that when the future dominant follicle reaches a critical diameter, the other follicles are inhibited by suppressed concentrations of FSH before they can attain a similar diameter. The abruptness of deviation was demonstrated by examinations at 8-h intervals; deviation was established within 8 h in 6 of 8 waves [6] . Recent results indicated that the temporal association between a change in FSH concentrations and the follicular response could allow establishment of deviation in less than 8 h through the depression of FSH concentrations [7] ; an increase in circulating FSH began 5 h after ablation of a largest follicle Ն 8.5-mm, and reduced diameter of follicles was recorded within 6 h after experimental suppression of FSH concentrations. These results indicated that adequate time was available for initiation of the deviation phenomenon through FSH depression and the resulting deprivation of the smaller follicles.
The purpose of the present experiments was to test the following hypotheses: 1) the decreasing FSH concentrations during the declining portion of the FSH surge are continually utilized and required in the development of the growing follicles, as indicated by inhibition of growth during experimental FSH suppression (experiment 1); 2) the low concentrations of FSH at the expected time of deviation, although inadequate for the smaller follicles, are a requirement for continued development of the largest follicle, as indicated by inhibition of the largest follicle when FSH is experimentally depressed below control levels (experiment 1); 3) the largest follicle develops an increased FSH-suppressing ability or a greater role in FSH suppression at the expected time of the beginning of deviation, based on a comparison of postablation increases in FSH concentrations when ablation is done when the largest follicle is Ն 7.5 mm vs. Ն 8.5 mm (experiment 2); and 4) concentrations of LH, as well as FSH, increase after ablation of a Ն 8.5-mm follicle, based on a recent unexpected finding (experiment 2).
MATERIALS AND METHODS

Animals and Ultrasound Scanning
The experiments were conducted during the wave that emerges during the periovulatory period. The animals were Holstein heifers between 24 and 36 mo of age and weighed 500-700 kg. Feed consisted of 4 kg of corn silage and 1 kg of grain per day, with continuous access to a mixture of grass and alfalfa hay. Intramuscular injections of 25 mg prostaglandin (PG) F 2␣ (Lutalyse; Pharmacia and Upjohn Co., Kalamazoo, MI) were given at 0800 h and 2000 h when a mature corpus luteum was present (Days 5-17 after ovulation) to schedule the posttreatment ovulation. Although the interval to ovulation was expected to be a mean of 1.5 days shorter when PGF 2␣ was given on Day 5 than when given on Day 12 [14] , this extent of variation did not unduly interfere with the scheduling program. An ultrasound scanner (Aloka SSD-500V Micrus; Aloka Co., Wallingford, CT) equipped with a 7.5 MHz linear-array intrarectal transducer was used to monitor the ovaries [15] . This scanner measures in increments of 0.1 mm. Follicular measurements were made on a single frozen image of the apparent maximal antral area, using the average diameter of two directions at right angles. Transrectal ultrasound scanning to monitor follicles was performed every 24 h beginning on the day of the PGF 2␣ treatments until the largest follicle reached a designated diameter and then every 8 h (0800, 1600, 2400 h) until the end of each experiment.
Hormone Assays
Plasma concentrations of FSH and LH were determined using validated RIAs for cattle [16, 17] . Details on the methodology as used in this laboratory have been reported [7, 10] . Cross-reactivity of the FSH antiserum with bovine LH has been reported to be approximately 0.7% [18] . Hormone sensitivity, calculated as 2 standard deviations below the mean counts per minute at maximum binding was 0.20 ng/ml for FSH and 0.36 ng/ml for LH. Coefficients of variation within and between assays were, respectively, 5.2% and 9.3% for FSH and 3.3% and 13.5% for LH. Determinations were made from pooled plasma collected during diestrus for FSH (mean, 1.60 ng/ml) and during estrus for LH (mean, 4.45 ng/ml).
Plasma concentrations of estradiol were determined using modifications of a commercially available RIA kit (Second Antibody Estradiol; Diagnostic Products Corp., Los Angeles, CA), which has been validated for use in cattle [19] . Triplicate aliquots of 500 l of plasma were extracted with 3 ml of diethyl ether, frozen in a dry ice/methanol bath, and decanted into assay tubes. Estradiol standards (0.1-40 pg) were prepared in 100% ethanol. The ether and ethanol were removed by evaporation in a hot water bath before use. The dried samples and standards were resuspended with 100 l of assay buffer (0.1% gelatin in PBS). For the assay, 30 l of estradiol antiserum, 75 l of radiolabeled estradiol (approximately 22 000 counts per minute), and 1 ml of precipitating solution were used. The recovery of radiolabeled estradiol added to plasma from an ovariectomized heifer was 75.3 Ϯ 0.3%, and the slopes for plasma pools collected during diestrus and estrus (200-600 l before extraction) did not differ from the slope of the estradiol standard. Plasma concentrations of estradiol were expressed relative to the standard curve, and no correction was made for recovery. Assay sensitivity was 0.50 pg/ml as determined by 2 standard deviations below the mean counts per minute at maximum binding. Coefficients of variation within and between assays for estradiol were 5.7% and 4.9%, respectively; determinations were made from pooled plasma from estrous heifers (mean, 7.7 pg/ml estradiol).
Experiment 1
Heifers were randomized by replicate into the following four groups (n ϭ 5/group): 1) 6.0-mm control group (treated with vehicle when largest follicle was Ն 6.0 mm), 2) 6.0-mm estradiol group (treated with estradiol at Ն 6.0 mm), 3) 8.5-mm control group (treated with vehicle at Ն 8.5 mm), and 4) 8.5-mm estradiol group (treated with estradiol at 8.5 mm). The time when the largest follicle first reached a given diameter (Ն 6.0 mm or Ն 8.5 mm) was designated Hour 0. Ultrasound scanning was done every 8 h beginning when the largest follicle was Ն 5.0 mm and Ն 7.5 mm for the 6.0-mm and 8.5-mm groups, respectively, and continued until the largest follicle was Ͼ 10.0 mm. Scanning continued daily thereafter to assure identification of the dominant follicle. During the examinations at 8-h intervals, the identity of each of the four largest follicles was maintained by follicular tracking [15] . The four largest follicles at Hour 0 were designated as follicles 1 (largest), 2, 3, and 4, according to descending diameters. Ties (n ϭ 2) were resolved by using the diameters at the next examination. The estradiol was prepared in a vehicle by first dissolving estradiol in benzyl alcohol and adding safflower oil to make a concentration of 0.1 mg estradiol in a volume of 1 ml. Vehicle (benzyl alcohol and safflower oil; control groups) or estradiol was given at Hours 0, 4, 8, 12, and 16. At each injection, 0.1 mg of estradiol was given i.m. The 0.1-mg dose was chosen because it was the lowest dose that consistently reduced the FSH concentrations below those found in the control heifers in a preliminary study, using doses of 0.004, 0.02, 0.1, and 0.5 mg. Color-coded vials were used so that the scanner operator was unaware of group. Blood samples were taken every 4 h from Hours 0 to 24 and at Hour 32. End points were concentrations of estradiol, FSH, and LH from Hours 0 to 32; diameters of follicles 1-4 from Hour 0 until the largest follicle was Ͼ 10.0 mm; time required for the first follicle to reach Ͼ 10.0 mm; and frequency with which follicle 1 became a dominant follicle. The Ͼ 10.0-mm criterion provided scanning data for all heifers until Hours 32 and 24 for the 6.0-mm and 8.5-mm groups, respectively.
Experiment 2
When the largest follicle reached or first exceeded either 7.5 mm or 8.5 mm, the follicle remained intact (control groups) or was ablated (ablation groups). Ablation of the largest follicle at either Ն 7.5 mm or Ն 8.5 mm was done by ultrasound-guided transvaginal aspiration of follicle contents with a 17-gauge needle as described [15] . The following four groups were used (10 heifers/group): 1) intact 7.5-mm follicle, 2) ablated 7.5-mm follicle, 3) intact 8.5-mm follicle, and 4) ablated 8.5-mm follicle. The time when the largest follicle reached the designated diameter (7.5 or 8.5 mm) was defined as Hour 0. Blood samples were taken at Hours 0, 4, 8, and 12 for FSH and LH assays. The Hour 0 sample was taken just before follicle ablation or at the corresponding time in the controls. The end points were concentrations of FSH and LH at Hours 0, 4, 8, and 12.
Statistical Analyses
For sequential follicular and hormonal data, split-plot ANOVA was used for determining main effects of group and hour, and the interaction of group by hour. Variation due to sequential data was accounted for by using heifer as the error term to test the effect of group. If a significant effect of hour or an interaction of group-by-hour was indicated, Duncan's multiple-range tests were used to locate mean differences among groups within hours and among hours within groups. A significant group-by-hour interaction for hormones for the four groups was further examined by comparing the two control groups (experiment 1) or the control group with the corresponding ablation group (experiment 2) in a separate ANOVA. Frequency data were examined by Fischer's exact test of independence because of the small sample size. Data are presented as the mean Ϯ SEM unless otherwise indicated. Significance was indicated by a probability of P Ͻ 0.05.
RESULTS
Experiment 1
Actual mean diameter of follicle 1 at Hour 0 was 6.4 Ϯ 0.1 mm for the 6.0-mm groups and 8.7 Ϯ 0.1 mm for the 8.5-mm groups. Mean circulating concentrations of estradiol for Hours 0-32 are shown (Fig. 1) . The concentrations were higher (P Ͻ 0.05) in the two groups treated with five consecutive injections of estradiol at 4-h intervals than in the two control groups for Hours 4-24. There were no significant differences between the two control groups.
The FSH data and results of the statistical analysis are given (Fig. 1) . Within the 6.0-mm control group, the concentrations decreased (P Ͻ 0.008) between Hours 0 and 16. The FSH concentrations decreased within the 6.0-mm estradiol group (P Ͻ 0.01) and within the 8.5-mm estradiol group (P Ͻ 0.006) between Hours 0 and 4, and the decrease continued progressively until Hour 12 in the 6.0-mm group and Hour 8 in the 8.5-mm group. The concentrations then increased between Hours 12 and 16 in 6.0-mm group (P Ͻ 0.02) and between Hours 12 and 24 in the 8.5-mm group (P Ͻ 0.05). An interaction of group by hour for concentrations of LH seemed primarily the result of high concentrations in the two estradiol-treated groups at Hours 20 and 24 ( Fig. 1) . Because of the large standard errors for Hours 20 and 24, the interaction was examined separately for the crucial Hours 0, 4, 8, and 12, and was not significant (P Ͻ 0.13).
Mean diameters of follicles of the 6.0-mm groups and the results of the statistical analyses are given (Fig. 2) . The number of hours from Hour 0 to the attainment of a largest follicle Ͼ 10.0 mm was longer (P Ͻ 0.004) for the estradiol group (91.3 Ϯ 14.0 h) than for the controls (40.0 Ϯ 3.6 h). Follicle 1 became a dominant follicle in fewer (P Ͻ 0.05) estradiol-treated heifers (1 of 5) than in the controls (5 of 5). For follicles of the 8.5-mm groups, there was a groupby-hour interaction for follicle 1 that appeared to result primarily from smaller diameters for the estradiol group at Hours 16 and 24 (Fig. 2) . The 8.5-mm group effect and the interaction were not significant for follicles 2-4. The number of days from Hour 0 to the attainment of a largest follicle Ͼ 10.0 mm was longer (P Ͻ 0.01) for the estradiol group (36.8 Ϯ 4.8 h) than for the controls (20.8 Ϯ 3.2 h). Follicle 1 became a dominant follicle in 9 of 10 heifers in the 8.5-mm groups; the exception was in the control group.
Experiment 2
Actual mean diameter of the largest follicle at Hour 0 was 7.9 Ϯ 0.06 mm for the 7.5-mm groups and 8.8 Ϯ 0.09 mm for the 8.5-mm groups. The results for mean FSH concentrations are shown (Fig. 3) . The FSH means for the 8.5-mm groups were greater (P Ͻ 0.05) in the ablation group than in the control group at Hours 8 and 12, but there was no significant difference between the 7.5-mm groups at any hour. However, when the 7.5-mm groups were analyzed separately, there was an interaction of group by hour (P Ͻ 0.04), which appeared to be primarily the result of higher concentrations in the ablation group at Hours 8 and 12. The main effects and the interaction for concentrations of LH were not significant (P Ͼ 0.05), and data are not shown.
by-hour interaction (P Ͻ 0.002) were obtained for FSH concentrations. Within each hour, means with no common letter (a, b, c) are different (P Ͻ 0.05). Means marked with an asterisk were followed by a decrease or an increase (P Ͻ 0.05) in FSH concentrations. For LH concentrations, there was a group effect (P Ͻ 0.03), hour effect (P Ͻ 0.01), and an interaction (P Ͻ 0.01). Experiment 1. 
DISCUSSION
The experiments were designed on the basis of reports that a 6.0-mm largest follicle is in the center portion of the FSH decline, and deviation begins, on average, when the largest follicle first reaches Ն 8.5 mm [4] [5] [6] [7] . When follicle 1 reached Ն 8.5 mm, the actual mean diameters were 8.8 mm and 7.9 mm for follicles 1 and 2, respectively, averaged over both experiments. In the combined control heifers of the two experiments, deviation was judged to have begun when the mean of the largest follicle was 8.6 mm. Thus, on average, the Ն 8.5-mm criterion for the beginning of deviation seemed adequate. The examination at the beginning of diameter deviation in individual waves was identified as the examination before a change in the differences in diameter between the two largest follicles [4] . Therefore, deviation could have begun any time between the identified examination and the next examination.
Blood samples for gonadotropin assays were collected at 4-h intervals on the basis of previous reports. Examination of gonadotropin profiles reported for hourly sampling at the approximate time of deviation [7] indicated that the selected times for 4-h sampling were adequate for testing the hypotheses. A study of FSH and LH pulsatility [5] did not reveal any significant pulsatility characteristics for either gonadotropin in association with follicle emergence or deviation that were not expressed by significant changes in concentrations obtained from blood sampling at 8-h intervals [6] .
Depressed FSH concentrations occurred soon after the beginning of estradiol treatments and accounted for the follicle-inhibiting effect of the estradiol. However, a direct negative effect of exogenous estradiol on the follicles cannot be ruled out. Concentrations of LH were examined in association with estradiol treatment to evaluate the possibility that follicle inhibition also may have involved altered concentrations of LH. However, concentrations of LH were not altered in the two estradiol groups during the hours that FSH was suppressed (Hours 4-12) as indicated by the absence of a group-by-hour interaction during this crucial time. This result suggested that the follicle inhibition was attributable to the suppressed FSH concentrations, uncomplicated by a change in LH concentrations.
An increase in both FSH and LH concentrations began after Hour 12 in the estradiol-treated groups, and maximal means were reached at Hours 20 or 24. These increases occurred after follicle inhibition and do not seem relevant to the tests of the two hypotheses of experiment 1. The elevated LH concentrations after four estradiol treatments at 4-h intervals seemed similar in duration and magnitude to means for the preovulatory LH surge as determined by the same assay [6] . Previous studies have shown that administration of estradiol stimulates an LH surge (reviewed in [20] ). The maximal values in individuals occurred in 50% of the heifers at Hour 20 and in 50% at Hour 24, accounting for the large variability at these hours. Because these estradiol-induced LH surges mimicked a preovulatory LH surge, the increase in FSH at the same time may have represented, at least in part, the FSH surge that accompanies the preovulatory LH surge in this species [6] . In this FIG. 2 . Mean (Ϯ SEM) diameters of follicles in control heifers and estradiol-treated heifers. Estradiol (0.1 mg) or vehicle was given when the largest follicle first reached Ն 6.0 mm or Ն 8.5 mm (Hour 0) and at Hours 4, 8, 12 , and 16. Follicles were designated as follicles 1, 2, 3, and 4, according to descending diameters at Hour 0. For the 6.0-mm groups, there was a main effect of hour (P Ͻ 0.002-0.0001) for all follicles, and a main effect of group for Follicle 1 (P Ͻ 0.007), Follicle 2 (P Ͻ 0.01), and Follicle 3 (P Ͻ 0.05). There was an interaction (P Ͻ 0.0001) only for Follicle 1, with a difference (P Ͻ 0.03) between groups at Hours 8, 16, 24, and 32. For the 8.5-mm groups, there was an hour effect for Follicle 1 (P Ͻ 0.001) and Follicle 2 (P Ͻ 0.03), and an interaction (P Ͻ 0.05) only for Follicle 1. There were no significant differences for Follicles 3 and 4. Experiment 1.
regard, a previous study demonstrated that estradiol treatment stimulated both an LH and an FSH surge [21] .
In experiment 1, the FSH concentrations were lower for the 8.5-mm controls than for the 6.0-mm controls. This was expected because the FSH concentrations would have been in the declining portion of the FSH surge [3, 10] . The FSH concentrations obtained every 4 h decreased in the 8.5-mm controls until 16 h after the largest follicle was Ն 8.5 mm (expected beginning of deviation). This is similar to the results of a previous report [7] , using hourly sampling, in which FSH reached a nadir 10 h after the largest follicle was Ն 8.5 mm. Considering that the actual mean beginning of diameter deviation was somewhere between the Hour-0 examination and the next examination 8 h later, the actual beginning of diameter deviation apparently was shortly before the FSH nadir.
Follicle inhibition in association with suppressed FSH in the 6.0-mm estradiol group was indicated by reduced diameters of follicles and the prolonged interval from the first injection of estradiol (Hour 0) to first attainment of a diameter of Ͼ 10.0 mm by one of the follicles. The depressed FSH had a negative effect on follicles 1-3 as indicated by group-by-hour interactions or group effects. Follicle 4 appeared to be similarly affected, but not significantly. Reduced diameter of follicle 1 occurred by the first examination (Hour 8) after Hour 0, illustrating the close coupling between FSH suppression and follicle inhibition. The results for the 6.0-mm groups indicated that continuing circulating FSH is a requirement for continuing development of the cohort of follicles, supporting hypothesis 1. That is, follicle diameters do not progressively increase from wave emergence to deviation because of the initial FSH stimulation associated with emergence, but instead require a continuing supply of FSH, even though at progressively decreasing concentrations.
The inhibition of follicle growth associated with the in- duced FSH decrease in the 6.0-mm estradiol group occurred earlier and appeared to be greater for follicle 1 than for follicles 2-4, suggesting that the largest follicle required more FSH or was more sensitive to the FSH decrease. In this regard, follicle 1 was replaced for dominance by follicle 2 (two heifers) or follicle 3 (two heifers) in 4 of 5 estradiol-treated heifers, whereas follicle 1 became dominant in all of the controls. The apparent phenomenon of a change in follicle status in association with experimental depression of FSH should be confirmed. It would indicate a balance between FSH concentrations and diameter of individual follicles, such that a larger follicle at this time (middle of FSH decline) would be more sensitive to a sudden reduction in FSH than a smaller follicle. A difference in follicle sensitivity and irregularities in the decline of the FSH surge may account for the occasional (20% [22, 23] ) loss of the position of the largest follicle in the follicle hierarchy between emergence and deviation [7] . In this regard, the FSH surge often does not decline uniformly between emergence and deviation in individual heifers, and multiple low-amplitude FSH surges have been found with a cycle-detector program in some heifers after the surge associated with wave emergence and before deviation [24] . When estradiol was given when the largest follicle was Ն 8.5 mm, the concentrations of FSH were lower than in the decreasing control values by Hour 8. The rapid decrease in FSH concentrations was similar to the results following estradiol treatment at 6.0 mm and after injection of steroidreduced follicular fluid at the expected beginning of deviation [7] . A negative effect on diameters of follicle 1 in association with the decrease in FSH concentrations was demonstrated by the group-by-hour interaction. The diameter of follicle 1 was smaller within 8 h (Hour 16) after FSH reached its nadir, again illustrating the temporal and functional coupling between FSH concentrations and the follicles. These results supported hypothesis 2, that the low FSH concentrations at the expected beginning of deviation (Ն 8.5-mm largest follicle) are utilized and required by the largest follicle. The negative effect of estradiol on FSH and follicle 1 when it was Ն 8.5 mm was transient, and the follicle recovered to become the dominant follicle in all estradiol-treated heifers. The recoveries of both the FSH concentrations and follicle growth were probably related. However, the concomitant increase in LH concentrations could also have been involved in the recovery of the follicles. Follicle 1 reached Ͼ 10.0 mm about 16 h later in the estradiol-treated heifers than in the controls; 16 h is equivalent to the time required for the FSH to increase after the initial depression, also illustrating the close coupling between changes in FSH concentrations and the follicle response. Maintenance of the favored position of follicle 1 in the follicle hierarchy, despite the transient inhibition, indicates that the status of the largest follicle was established by the time it reached Ն 8.5 mm. Reduction in FSH below control levels did not alter the diameter of the smaller follicles; there were no group effects or interactions involving follicles 2-4. These results indicated that by the time the largest follicle was Ն 8.5 mm, the FSH concentrations were already reduced below the requirement of the smaller follicles.
The aspiration technique for functional ablation of follicles in experiment 2 was effective, as demonstrated by the consistent physiologic response (increase in circulating FSH concentrations), as previously reported [2, 3, 7] . Hypothesis 3, that the largest follicle assumes a greater role in FSH suppression by the time deviation begins, was supported. The FSH-suppressing effect of the largest follicle when it reached Ն 7.5 mm vs. Ն 8.5 mm (expected time of the beginning of deviation) was based on the magnitude of the increase in FSH concentrations after follicle ablation. The result supporting the hypothesis was the greater FSH concentrations in the 8.5-mm ablation group than in the 8.5-mm control group at Hours 8 and 12; the corresponding comparisons were not significant for the 7.5-mm groups. Nevertheless, an increase in FSH concentrations at Hours 8 and 12 in the Ն 7.5-mm ablation group was suggested by a significant interaction when the 7.5-mm groups were analyzed separately. An FSH increase following ablation of a 7.5-mm follicle was expected; a previous predeviation study indicated that all follicles of a wave contribute to the decline in the FSH surge [3] . Results did not support hypothesis 4, based on a previous unexpected finding [7] , that LH, as well as FSH, increases after ablation of a Ն 8.5-mm follicle.
Although it has been reported that follicles did not develop additional FSH-suppressing characteristics when they grew from 5.0 mm to 7.0 mm [2] , the present results suggest that by the time the largest follicle reached 8.5 mm (approximate beginning of deviation) it had developed a greater FSH-suppressing effect than at 7.5 mm. Confirmation and further study of this apparent phenomenon are needed because of the potential fundamental relationship to the deviation mechanism; the development of additional FSH-suppressing ability by the future dominant follicle may be the trigger for the first systemic manifestation (maximal FSH suppression) of the deviation event. Alternatively, at the time of deviation, all follicles may contribute to the decline in FSH below the concentrations required by the smaller follicles, even though such a scenario would mean that the smaller follicles contribute to their own demise. The relative role of the largest follicle will not be resolved adequately until subsequent research considers all follicles. Recent findings in mares, using a two-follicle model, supported the hypothesis that when the largest fol- licle reaches a critical diameter it acquires most of the function of FSH depression [25] , and provides comparative support for a similar suggestion in the present study in heifers.
A two-follicle model may be useful for study of this apparent phenomenon in cattle. Early elimination of all but two follicles would reduce the variability and complexity resulting from varying numbers and diameters of follicles among heifers.
These studies focused on the functional interactions between the growing follicles and circulating FSH concentrations. Identity of the FSH depressants produced by the follicles was not considered. The relationship in kind or quantity between the factors produced by all growing follicles that cause the major decline in the FSH surge [3] and the factors that apparently are produced especially by the largest follicle and initiate deviation is not known. There are no reports that implicate LH in the initiation of the deviation phenomenon, but LH appears to be involved in the continued growth of the dominant follicle (reviewed in [1] ).
In conclusion, a close functional two-way coupling between decreasing FSH concentrations and follicle growth was demonstrated during the declining portion of the FSH surge midway between follicle emergence and follicle deviation, and at the expected beginning of deviation. A schematic illustration of our current working hypothesis resulting from these studies and our previously published studies [2, 3] is shown (Fig. 4) . It is postulated that the essence of the selection of a dominant follicle is a close two-way functional coupling between changing FSH concentrations and follicle growth.
